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1, -, , P  1 .  . < . ”  c ! SECTION II.-GENERAL METEOROLOGY. 
d a -  

v. RAINFALL AND AGRICULTURE m THE UNITED 
STATE 8. 

By B. C. WALLIS, B. Sc. (Economics). 

The apicultural year. 
The purport of t.he accompanying Table 1 is to display 

the facts regtrding t.he growing period of the various 
crops in relation to the work of the farmer. The subdi- 
visions of the table are intended by their cross-clrtssifi- 
cation to direct attention to the variety of the rainfall 
circumstances which ac.company the growth of the sepa- 

[Dared: Nortli Finchley, N. England. Feb. 24,1015.1 

rate Crops. 
(i) The cered States occur in five rainfall regions. 

(ii) The cotton States similarly spread over five re- 
gions. These form the two chief divisions of the table; 
so that the remainder of the country could be divided 
upon a rrtinfnll basis 8s follows: 

(iii) The northeast, chiefly region F. 
(iv) The central east, t.ha siiiiilnr regions K and L. 
(v) The west const, region C!. 
(vi) The Mountain States, regions D and E. 
Note should be imde of the fact that where a S t a t e  

e. g., Missouri-falls into two raiiifall regions the whole 
State has been grouped with the inore important part; 
this in1 lies a defect, yet the geiiernl and broad results 

but little vitiated by this circumst~~iice. 
to whic I; 1 this investigation leads are, in dl probability, 

FIQ. 43.-Approximate grouping of States as rainiall sections referred to in Table 1. 
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( i )  THE CEREAL STATES. 

April. I May. 1 June. I July. I August. I September. I October. I November. 1 December. 

~ - -  
Bcction B (aactA) 

Oklahoma ................... 0 E ........ H .... 
Texss BO H J .................... .... ........ ........ 

Bcction E. 
Tmneaaee ............................ Q ........ H 
Mississippi ................... Q ............ H * 
Alabama ................. 0 ................ H .... 
Georgia ...................... Q ............ H .... 
Arlisnsas .................... Q ........ H ........ 

8ealOn L. 
NorthCarolina. ...................... Q ........ H 
SouthC arolins... ........ B ................ H .... 

Florida .............................. H .... J Z 

Louisiana ............................ E ........ s* 

section Af. 

Pledion 4. 
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NewYork ........................................... 
Connecticut .......................................... 
Vermont ................................................. 
New Hampshire. ................................................ 
Masaachusetta ........................................ RhodeIsland 

Arcas P. 

........................................ 

.......................................................... Mahe.. 

(ii) THE COTTOM STATES. 

I 
.... ........ ... ................................ Q B E H * . . , .  I a c { i y } f  be g { t f }  h * 

Q ........ R* .... Z ............ c g i c  g ........ CA I h * ................................ 
G B ..-{ & }--- .................... 4 kg )a{  b3 Ag .... h* .................................... 

h .................................... 
.... C h  .... h .... * ........................ 

Q ........ H. E Z ................ .... h l  .... h * ............................ Q * H c 

A 

1 0  
G{ E }.-. .................... _ _ _ _ I  eg .... e Ag * H* .... ............ ............ 

.... eg A h* .................................... Q{ S}-- .  

(ih) THE MORTHEASTERM STATES. 

1 Tfi  table is W upon the results of an inquiry into dates of farm OperatIom as published in the Yearbook of the -nt of Agriculture, U. 8. A., 1910, pp. 18B-LBa, 8114 

* Limits of avexage perlod free from & frosts. ~1 kindly supplied for some western S t a k  b the Department of Agriculture. 



JUNE, 1915 

Scdion D. 
Nevsds * ............ 

........................ ......................... ......... ................ ........................ 
.... .... 

8- E. 

.......................... 
Utab 
c~lorado 

........ 
* * 

... A r l m  j * ............ 
~ . ~ 

MONTHLY WEATHER REVIEW. 

a a .... ........... ! ............ 
........ .... ........ ................................ 

.... ................ ....................... 
a .... ::::I .... _._.,__.. ................ A I ........ 1.. * ................ I.-.- 

a a -4 * 
a a A * 

~ 

269 

TABLE 1.-The agrincltural year-Concluded. 

(iv) THE CENTRAL EASTERM STATES. 
~- 

I JMUO~Y. I February. I March. I April. I May. I June. I July. I bugust. I September. I October. 1 November. I December. 

(v )  THE WEST COAST STATES. 
.- ~ 

I 

.... .... ................ ........................ 
........ 

........................................................... .................................... ................ .............................. ............ .... .... ........ .... ........................ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 

scdbn e. 
* a A * * A * 

New Mexico I-. 
- _ _ ~  

(v i )  THE MOUMTAIN STATES. 

* Limits of arerage perintl Iree from killing frosts. 

The main iniportance of Table 1 lies in its denionstra- 
tion (1) of the concentration of the farnier's effort nt two 
periods of the year, and (2) of the variety in the ditte of 
the summer eriod between the completion of t,he first 

The blanks in the eilrly parts of the year signnlize thc. 
absence of field worlc, but the blank space whii?h occuis 
down the summer and autumn months lacks this signifi- 
cance. 

The sumnier sowings are, however, completed by June 
10, except in the case of tobacco, which is planted until 
the end of the nionth. With the esception of winter 
wheat in South Carolina, which is sown up to Deceni- 
ber S, the winter and autunin sowings are conipletecl by 
the end of November and in niost cases by the end of 
October. 
As a general rule the sequence of crops as sown tends 

to be consistent throughout the country. 
Certain important facts emerge from the table in rela- 

tion to the rainfall r6ginie of the areas. 
I. "he wettest nionth is usually avoided for liarrestha 

o erations; generally the harvest is taken in the perios 
f&owing the rainfa0 masimum. The rainfall masiniuni 
of sections G and H f d s  early so that hcxrvesting inay 
begin in June. I n  the central Enstern States, however 
the harvest tends to be conipleted before the rainfall 
maximum occurs. This circ,~iiiistance is strikingly illus- 
trated in the cotton States, where the cereal 1i:i.rrc.sts are 
gathered before the heavy rains and the maize slid cwtton 
cro s after the iiiasimuni has passed. If. Generally the suinnier crops are sown alniost imine- 
diately before the rains comiuence and the wiiitcr and 

sowings and t ?l e commencement of the liarrest. 

1 NO data 3V$IilSIble. 

fall crops ininiecliately tho heaviest rains are over; the 
fast-growing crops are me11 watered at once and the slow- 
growing seeds lie during a long period which is dry and 
cold. 

111. The variat.ions in the da.tss of sprinm sowings aro 
governed by the dates on which the last kibing frosts of 
spring fall due: this is remarkably shown in connection 
with the sowing of iiinize (Indian corn). It becomes, 
therefore, obvious that, while sowing is related to frost 
its well as to rainfall, there is a definite adjustment of 
liarvesting operations to the rainfall conditions. 

Rainfall d,u.(rj.,llg the grolting period. 

Titble 3 is bqed  upon Table 1 and is designed to demon- 
strnte the acljustiiient of tohe growing period to the varia- 
tions in )recipitittion which occur. The rainfall values 
are based upou t.lie pluvionietric coefficients set out in 

might be suggested that t,hese rainfall va P' ues 14, wo 3). d have It 
Ptxrt I1 (this REVIEW, January, 1915, 

been inore easily obtained b avera ing the actual rain- 
fall vtxlues which are puhlis Z 5 . l  ed in t e rainfall statistics 
issuecl by t,he Weat,her Burcau. Such a suggestion, how- 
ever, is open t,o a definite ohjection. It has been admit- 
tot1 that the niet>hod of pluvionietric coefficients provides 
n l>ett,cr knowledge of average niont,hly rainfall values on 
t.ho grouiid that, it  sniootshs out, the effect of accidental 
rain splashes ; and the addition to t,he pluviometric coeffi- 
citwts of the generalized equipluves t.ends still further to 
provide a more accurate st,aitenient of tho rainfnU r6 ime 
of t>he country. Conse uentJy the estra labor invo t vcd 
in the calculations is we 1 1 worth while. 
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TABLE ?.-The lotul l~rccipifatio?~ d m h g  thc growing p c i o d  of tlic c r o p .  
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I (iir) The Morth- 
eastern states. I 
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,-i,rii,; o:w. .  ....................... ~ :<: i i 
I I ......... 

'!. Iw r q p  !)f \*:wiatioii S ~ ~ O M - ~ A  iibove is, however, fairly 
widv i~iiil it IS imper;it,ivo to iiirestigxte the quality. of 
each State as a crop proclucsr heforc attcnipting to arrive 
a t  any more definite conclusions. 
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crop; a high nunlher signifies a combination of a large 
pro ortion of trhe area of the State devot,ecl to this par- 

relative yield per wre 1s shown 111 columns ( h ) ,  ( f ) ,  and 
(@, niicl colunui..; ( c )  and (d) show t,he proportfiou" of the 
United Stilks acreage given to the cro in 1910 :ind 1900, 

Relative agricu.l.ttpwa1 prrrodzcce. 

tigation of the relative merits of the several States in re- 
g a d  to crops. 

The values in columns (a )  and (e) of Table 3 fonii n kind 
of index nunibers which indicate relative values of the 

Table 3 aims at the provision of material for tahe inves- ticu P ar crop, with n high average yield per acre. !I'he 

respect,ircly. A State which has hig K ~ a l u e s  in all col- 

TABLE 3.-Relatirc* agriculftcral prodwt .  

States. 

( i )  The Cereal Stafes. 

(iii) The Northeastern 
States. 

( v )  The West Coast States. 

(v i )  The Mountain States. 

in bushels per square mile of total ares of St.\te. 
%d,in bushels per acre. 
Fraction of U. S. A. imt) devoted to the crop ,In 1910 (per I I I ~ ~ O J .  
Fraction of U. Y. -4. area dovoted to the crop 111 1900 (par Inile). 

. 

Cotton. ' 

.. . -- 
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Best 
states. 

___ 
............................... &t1;i Rye, growin eriods (mmths) 

R y e , r a ~ ~ ~ ( ~ ~ h e s )  ......................................... 
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Moderato 
states. 

............ 

04-10 
2lJ-33 

umm under any crop may be regarded as a very good 
grower of that crop. 
Each crop may now be considered in detail; in each 

case the best States will be compared with an equal 
number of moderate States. 

Best 
States. 

- 

WHEAT. 

Best SLY States: Indiana, North Dakota, h a s ,  Ohio, 

Moderate six States: Virginia, New York, Wisconsin, 
Minnesota, Illinois. 

Michigan, Tennessee, Georga. 

Moderate 
states. 

Whter wheat, grow e n d s  (months).. ................... 
whter wheat, minAF(fLc&s). .............................. 3 3  Z12 
Spring what  growin ermds (months). ..................... Tw wheat: rainfalf&ches). .............................. 1 1 % :! 

~. . -_ 

...................... .............................. 

It thus appears that winter wheat requires a rainfall 
of from 22 to 33 inches during. a growing period of 10 
months, and in this connection it may be noted that the 
Cotton States obtain t,his quantity of rain during a 

owing period and that they also obtain a 

acreage. 
Sprm wheat requires about four nionths and a rain- 

370) above is solely due to Nort,h Dakota, 
where t e pield per acre is, on the averyp, low. The 
moderate btates lack both tinie and ranlfnll, and the 
Cotton States, where spring wheat is not usually grown, 
have too much rainfall during the summer nionths. 

low yiel f per acre and have as a whole a declining 

fall of a f out 13 to 15 inches; the 10 inches in the S L unl- 
mary (r 

3-35 
10-12 

RYE. 

Best three States : Pennsylvania, iWchigan, Wisconsin. 
Moderate three Strates : Virginia, Nebraska, Illinois. 

Winter rye requires about 87 inches of rain during 
10 months. TheCotton States have a low yield, a short 
growing period, too much or too little rain, and adeclining 
acreap. Minnesota and Kansas are States of sniall 
relative acreage which have too little rain. 

BARLEY (SPRING-SOWN) . 
Best three States: South Dakota, Minnesota, Wis- 

consin. 
Moderate three States: Kansas, Nebraska, Michigan. 

Spring barley is best suited by about 3 months’ 
and 10 inches of rainfa& North Dakota suffers g:gt: 
poor yield with deficient rainfall and a short period; Kew 

York has too much rain. The Cotton States and those 
of the neighboring central-eastern area have too much 
rain during the t h e e  suitable summer months. 

The deficient acreage under barley in Indiana, Ohio, 
aiid Kentucky may be associated with an excess of rain- 
fall for spring-sown barley and an apparent f d u r e  to 
grow fall-sown barley successfully. 

OATS. 

Best four States: Iowa. Illinois. Indiana. Wisconsin. 
Moderate States: Michigan, Sohth Dakota, Minnesota, 

New York. 

Oats, vowing eriods (months) ............................... 3 4  
Oats, nlnfsll (Lches).. ...................................... 1 %lt I $14 

Oats are suit,ed by about 14 inches of rain during 8 
ThoCotton States 

contain g r o + %  a % out one-twelfth of the total oats acreage, have 
a sniall yield er acre and an escessive rainfall and grow- 
ing period. Eentucky, Missouri, and North Dakota fail 
comparatively as roduceis of oats since they fail to 

eriod of about 33 montlis. 

provlde the suitab Ip e conditions of rainfall. 

MAIZE. 

Best t h e e  States: Iowa, Illinois, Indiana. 
Moderate three States: Nebraska, Kansas, Kentucky. 

3hizc flourislies with ahout 18 inches of ra infd during 
a growin? period of about five months. Minnesota, 
South Dn%ot-a, aiid Wisconsin receive too little rain and 
the. Cotton Statess receive too much. It has been noted 
that the, growing period of maize in the Cotton States is 
very prolonged, and this should be associated with the 
very poor yield per awe which is obtained. 

TOBACCO. 

Best three States: Kentucky, North Carolina, Vir- 
Moderate three States : Ohio, Tennessee, Pennsylvania. 

ginia. 

I Best I Modemta 
States. States. 

~~~~ 

......................... 24- 84 Tohscco growin i~eriorls months). 
Tobarn: minfxlf(inrhfs)(. ................................. .I lMit 1 10 -IS 

~ 

Tobacco apparently requires about 14 inches of rain 
during a gromng period of about three months near to 
midsunimer. The iunjority of the States in the central 
iind nortlienstcrn me8s lnck rainfall; Connecticut fornis 
tlic striliing esception. 
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. ........ . 

-- -___ 
Cotton,growin periods (months) ............................ 
Cotton,rain(alfimches) ....................................... 

- 

Sections A and B (north) are best suited to spring 

barley and contains a progressive acreage which increase 7 wheat; section A reaches the standard as regards sp 

by about one third during the decade, 1901-1910. S e e  
tions F and B (north) are good for oats. Section B 
(north) approac.hes the standard for maize. The tobacco 
belt occurs in sections H and L, and tlie cotton belt in- 
cludes rainfall sections B (south), H, and L. 

to be limit,ed to one type of rainfall per cro , and this 
diversity of association between crop and ramfall empha- 
sizes the coiiclusions already attained, that the successful 
auriculturist arranges his growing season to suit the rain- 
fa1 conditions which prevail in his neighborhood. 

Reference to t,lie typical aphs shown on the map 
iiiakes it clear that successfu Y crop growing does not tend 

. ._  .~ 

s tam.  states. I 
44- G 

19-4' I li -19 
_ _ _ _ _ ~ .  

SWPOUS. (See flg. 43. ) 
~ 

A .................................. 
B,north ........................... 
€3 m t h  ........................... 
((part ofl) ....................... 
F .................................. 
0 .................................. 
H .................................. 
K .................................. 
L .................................. 
16.. .. ........................................ 

Wheat. 

Bu. /A .  (C) 
17 501 '1"Ji 
10 S3 I SG 
13 57 ' 53 
19 G4 11Y 
20 2 i  3s 
1 Y  91 82 
12 46 71 
14 53 5s 
12 JG XI 

I -  -. -.. : - - - - 

TABLE 4.-8imn1nry of Table 8 by rainfall sections. 

Tobacco. I Cotton. 

%ut./A. (e) ba./A. (e) I (a) ................................. 
9 2 5  .................... 

3133 1 306 

14 20 .................... 
Y 97 .................... 
7 461 192 452 487 

............. 1 140 ................................. 

N .................................. I ........ ' ...... I..... ............. I I <:; I ;$ P; part3 of D and E . .  ........................... 
9 I w0 I 175 I 995 p l i  

........ 8.- I.-. 

(e) Aren of the Unikd States iu the crop in 1Y11) (thoosundlhs). ( d j  :\ma of the United States in tlie crop in lY00 (thousaudths). 

Winter crops. 

Sections. __ 
i:yo:v- j Rfiinhll Grow- 

ing : during /I i9g 
periud. i growth. I period. 

Kainlall 
ilurii~g 
:row til. 

Rahifall G r o w  I RaMdl Grow Hniufnll 
during 11 ing I duriug 11 ing I during 

growth. period. grwstb. period. growth. 

3row- Rainfall Grow- Rainfall 
ing 1 during 11 Ing I during 

ieriod. growth. perhi. growth. 

Inches. 
91 
26 
22 

33 
31 
35 
31 
33 

21, 

27 

........ 

u 0 8 .  I¶ChGS. ............... 
23 11 ............... ............... 
2 8 
3 11 

13 

3) 1s 

3 12 

3 14 

$1 11 

MW. I n c h .  .................. .................. 
6 18 .................. .................. .................. 
48 19 

43 19 

44 19 

48 20 

.................. 

A ....................... 
B , m t h  ................ 
B , m t b  ................ 
c ....................... 
F.. ..................... 
G ....................... 
E.. ..................... 
K.. ..................... 
L.. ..................... 

Average of above 
values.. ........ 

Standard value .... 

....... I ......... 

.......I ......... 
39 i 11 

. . -. -. -. 
10 
14 

14 
........ 
........ 

.......I.. .... 'ia 
35 

20 
" i 

........ 
3g 

........ 

sg 
3 

12 10 

Relrrtion bctween rainfall ragions aid crops. 

In a broad wa Tables 4 and 5 summarize Tables 3 

Table 5 confirm the stmc1,m-d values obtained b a 
different method-that of sampling-in tlie preceJng 
section. 

No rainfall section appears to provide tlio best coli- 
ditions for winter wheat; section B (north) a prosiniates 

' under winter wheat at the same rt1t.t: as tlie whofe 
country. Winter rye appears to succecd best in min- 
fd sections F and G; the lack of rain iiditates against 
section A. 

and 2 respectivey. 9 

most closely, ancl this region has progresse B in ncsexae 

The average values cdcdated in 

Lbncluaion. 
The methods adopted in this a er are almost entirely 

clusions are valid only in a broad way. ft m$ht be 
espected that the averages would eventually $el com- 

lete symmetry and agreement between the results; the 
fact that such s nime is not found is important testi- 

end of the preceding section. 
Attention has been concentrated upon rainfall for the 

definite purpose of determining the importance of the 

h s e d  upon average values, an Q% ence the eneral con- 

mony for the va i -  dity 7! o the conclusion enunciated at the 
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rainfall factor in the complex conditions of the environ- 
ment of t.lie a,gic.ulturist,. In  itself the rainfall reginie of 
qn area is typical of its lrttitucle, its situation both on the 
cont,inent and in relation t.0 the ocean. Therefore, a 
close relationship between successful agriculture and 
definite ra infd conditions might, have been assuniecl. It 
is t.lie purpose of t.liis inquiry to havc lilicl bare, first., the 
validity of such t i n  xssumpt ion, a id  seconclly, the details 
regitrdnig tBe relat,ionship. It, map hi! hoped that, in so 
far :is itgricult,urd progrcss resul t,s froiii purposeful 
guid;iiice from without.. the conclusiom herein att,ained 
iiiay serve as nn inclicnt,ion of clirc..ct.ions in wliicli such 
progress iiiay be most rcipidly anel eiisily acliievecl. 

A BEVOLVIXG CLOUD CAMEXA. 

By (?LIVER 1,. FASSIC. 

[Doted: Writlier B i m m ,  Bdtiiiiorr. Mcl.. July 11'. 1918.1 

About 10 yesiV ago n iicm form of caniern wts brouc.lit 
to lily irt.t.ent.ion by it.s ilesigner, ~ r .  F ~ ~ C I .  W. ~uelPer, 
of Baltiniore, with tha hope t h t  such n device might 
prove to he of vcdlut.. t.0 iiistcorologists. Tho cniiicra re- 
volved upon n vnrt.ic:tl asis by iiieaiis of :% spring 1iiotor, 
a coiiipletc revolut,ion being niaclc in fro311 5 t:o 11) sec:onds, 
&pendin* upoii t,lw illuiuinrit~ioii. Tlie image was tBrown 
upon n &iiq w1iicli antm:i:Lt.im.~,v unro~cct a s  t,lie. c:iiiicrn 
revolvotl. By this mi?;Liis :L )icturi* vms sttcurei! o€ t.iw 
entire horizon cd :31i1Jo :uid o I the loivcr pwt,ioiis of t h  

and iiarrm~ shoct of pq)e?r. 
soiiie very interest.ing and striking 
liuidscape pliotqrit Imt, ~ I i e r e  

involreil the rcfat,ire xisit.ions 
view ww obvious I -v ~uucli 

(lis turbocl . 
While this iiew c:uiii?r:i was of general iubewst t,o nit?? I 

suggest,ed to Mr. hIueller t.liat a nioiliIicitt.ion of his device, 
in order to iiinke it possilde to setcum, hy iiitmis of a single 
sspnqirc. ;i coiiiplet,c! p i thre  of tho sky from horizon to 
zenith iuid through 3150" of azimuth. might, ])l'c)v-c t,o bo 
.of coiisiclersLle d u e  in t,ho study of bl ie  foriiis ctnd t,he 
distrihut,ion of cloucls. 'Ylie w.orli of clt!s$ping and coii- 
st.rucking n suitablc cmierii for this specihc purpose WBS 
at oiice uiirlert,zken with ent~husi2isni by Mr. Mueller. 
Four or iivo years l;ttjc?r oflieid ;tssigiiiuent, to mother 
field took iiie mniy froi:i Balt,iinort! before 2% c:~iiiera wns 
pei.fect,ecl ?vliich eiit.irely sntisfieil t,he invcnt,or. Upon 
i iy  ret,wn to Bdtijiicire, in the suiiiiiicr of 1912, one of 
the first visitors t.0 c d  at  tho hc2d oifice of thu Weat.lier 
Bureaiu wtis hIr. Mucllor, bringing with him a new camera, 
clesimed nnd const.ruct,ecl hy him, t,ogetlior with soiiie 
escaen  t clojicl plw tograplis. 
hi esniiiinatioii of the cniiiera niicl tlie preliiiiiniiry 

liotopaplis conriucecl iiie t,lint, 3, sntisf;ic:ory iiiethocl had 
L e n  fount1 for pliot,c)gr;t iliing, by 1ne:ms of zi single es- 
posure, the ent,ire cwch o 1 t,he sky :~nd dl visible ohjec.ts 
therein. Tlie accoiiipanying pliot.ograplis, sliown in fig- 
ures I to 3, give 21 good idea of the geuer;il appc.. wanco  
and const.ruction of the ctuiierii, while t.he secbionril draw- 
ing, figure 4, shows how the rriys of light, from t,hc various 
points of the sky pass tlwough the lens ~ind rerich their 
proper,positions on the sensitized plnt,c or film, 7x1, within 
the caniera. 

The heavens as seen froiii any partrticular point a )pear 

that to photograph the sky upon a c,irculair plate would 
give a fairly true rendering of t>lie relative posit,ions of &all 
objects in the sky a t  t.he time of the esposure. 'l'lie pho- 
tograph of the sky secured with this particular instru- 

to the observer as a clouie, and it occurreel t.0 Mr. b 8 ucUcr 

ment is 18 inclies in diarnet.er (fig. 51, the zenith is in the 
cent.er of the pic.ture, nncl tlie horizon dong tlie circum- 
ference. The exposure of the sonsitmized plate or film is 
acconiplished in one uninterrupt,cd operation tlirough a 
wcdgo-shaped opening in t>lie pltit,e-lioleler cover while the 
platme in its liolrler revolves around it,s own asis, tind tohe 
ent,ire caiiiera revolves :iround B verticctl (zenit.h:d) asis, 
in turn facing et7er.y point of the horizon. 

The mcdgc~.-sliy)ecl opniiig in tlie plat,e.-holder covnr is 
about ti i4u:irter of an inch wide a t  t?w circumference of 
the ht,n and t,nper3 to n point, at, t:he ct?nt.er. The vertical 
aiig f c! iiicluclecl during. esposure, as tslie caiiiera revolves, 
is W or froin the horizon to tlic zenith. It mill he s x n ,  
then, tlint.. as tho camera iiiakes a coinplcte revolution, it, 
will include lsoo, or the entire visible cloiiie of the sky. 

Tho body of the cnmern is so niount,ccl that t,he plate 
iu:ikes an angle of 45' wit,li the plane of the horizon and 
witli tho  liiio to zenith. The upper sew:it?iit of the re- 
volving plnt,o is esposecl, t.lit? liglit, from tiie Ani t.11 passing 
dovvii verticiiUy through t.litF ltms a id  striking t,he cwikr 
of t,lie plat.c, while t.he mys from t.hc horizon reach the 
edge. of the plnte. (See  fig. 4.1 

As t,hc cmicra, revolvcs nucl the plate iiioves ptwt the 
wedge-slinpd opcning in the plate-holder cover fresh 
sepi1eiit.s of t,he sensit.izeil plate MU successively ire- 
sontcd t,o the skg unt,il t,he mtire nsposure is nincle, w In en 

r cmtoiiinticdly closes, just ns it autoiiittt.icdly 
opeiieil nt t,liiI! beginning cif the espiisure. 

d i i  i~iiport.:iiit fentuw of t,he instrument is the auto- 
m:it.ic s1iut.t er. Tlit? p1at.r. is cc.iiit,:Liiierl in a circular holder, 
u1mi t,lw cover of wliicli is tlxt sliut,t.er. When an es- 
posure is to be iiiade t,ho cover is risccl away froin tho 
platme hobl(?r--hy iii(+aiis of tlie screws seen on t,hc outside 
of tlie caiiiera in figuros 1 inid 2-w-liich then bt~coiiies a 
fisecl part of tlic cmiier;t. corer. This operution brings 
the sliutt,er beneath the lens aut1 at  tdio same t,iine nuto- 
iiisticiillp set.s it for nct.iun. 

As tlie plate li(.)Iclsr revolves a.rouiitl it's own :isis tlic 
caincr;~ rernlves nhout 2% vertical nsis. robaiuing it.s up- 
right. posit,iwi. with the lens aiicl t ' tm ;it, t.he top. 
This is crl€ec.tatl by guides which ol>"riite in a groyve 
arouud the pe?dest.:d hcnd. Tlie relative rate of rot,stmn 
of t l le  c:iilier:~ ancl t41ie plat,e is governecl by t.ho size of 
the lnrgc gi?nrs coiuil?cting them, shown in figure 3. The 
spring motor, I)? 1iie2ins of which the ciiinern iiiakos a 
coniplet,e ii?rnlut.ii,n in frola 5 to 10 seconds, is shown in 
posit.ion in figures 3 ;tnd 3. The lons subtmds an male 
of W ,  1iit.s n focti1 lengt,li of inclies, ancl is acljusted Tor 
olJjc-?ct,s a t  infinite clist,ance. 

Thc iiegntire produced by iiimns of the camera re- 
quires ti certain correctmion in order to produce a picture 
of t>he sky which slitill present :ill o1:iject.s otogra lied 
in t,lieir true relations. The axis of rero Fh ut.ion o P t.he 
p1at.e idbu in fig. 4) is a t  mi angle of 45' t,o t'lie axis of 
revolut,ion of the cmiern. The lens is fisecl at the center 
of the upper port,ion of .the fact! of t.lie camera. Hence, 
ns t,he camer2~ revolves, t.iie iiiiaqe of t,he sky is apparently 
trlirow-n upon t,he int.erior sui-fscc of an inverted cone. 
(See lig. 4, nbc . )  The npcs of this cone, corresponcling t.0 
tlio zeiiit!li, is ,zt t,lic center of tho sensit'izcd plate (fig. 
5, Z), wliile the edge of tlio base? wiicii liniits the rays 
froiii t,lin horizon, corresponds t.o the circumference of the 
plnt,e. The sides of tlie cone subtmid t i n  angle of OO' and 
are equal in length to the seiiiitliaiiieter of the plate. 
The actual iiiiage is Iwojectd upon n revolving plane 
sui.fnco (the plate) wliicli is t ,mwnt t,o t,he surface of the 
ii1iaginitl.y cone. The ratio of tEe area of the cone to the 
areit of the circulitr plate is the same as the ratio of the 
base to the hypotenuse of a right triangle. Hence there 


